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Study on Effect of Anisotropic Scattering Cross Section on Sensitivity

Coefficient Calculation for Fast Reactors
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Abstract: Due to the high energy of neutrons in fast-spectrum reactors, the anisotropic
scattering of neutrons is with great effect on the calculation results. In this study, the effects of
high-order scattering cross-section perturbation on the calculation of elastic and inelastic
cross-section sensitivity coefficients are studied when calculating the elastic and inelastic
cross-section sensitivity coefficients. The causes of implicit sensitivities and related approximate
conditions were theoretically analyzed. The direct perturbation method was used to calculate the
sensitivity coefficients of the main nuclides reaction channel of the ZPR-6/7 fast-spectrum reactor.
The research results show that for the ZPR-6/7 fast-spectrum reactor, without disturbing the ***U
high-order scattering cross section, the sensitivity coefficient of the total elastic scattering cross
section is 44.3% higher than that when the high-order scattering cross section is considered.
Irrespective of the disturbance of *°Fe high-order inelastic scattering cross section, it will cause the
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sensitivity coefficient of inelastic scattering cross section to be 28.9% higher, but it has less
influence on the sensitivity coefficients of elastic scattering and inelastic scattering of other nuclides.
After considering the high-order scattering cross section, the total sensitivity coefficient calculated
by the independently developed SUFR program is in good agreement with the ERANOS and
MCNP results. The maximum deviation does not exceed 3.22%. At the same time, the accuracy of
the uncertainty analysis of the effective multiplication factor caused by the elastic scattering
reaction channel of **U and the inelastic scattering of *Fe has also been greatly improved.
Therefore, the calculation of fast reactor sensitivity coefficient needs to consider the influence of
high-order scattering cross section. At the same time, the sensitivity and uncertainty analysis
program SUFR is developed correctly. The technical route for the sensitivity coefficient of fast
energy spectrum reactors is feasible, and the calculation accuracy is the same as that of the famous
international program.

Key words: Sensitivity coefficient, Fast-spectrum reactor, Anisotropic Scattering Cross
Section, Uncertainty analysis
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1
Tab. 1 Comparison of Sensitivity Results of Each Isotopes with Different Methods
ERANOS+MCNP SUFR %
By 8.52x107 8.73x10 245
By 4.49x107? 4.51x107 0.29
9y 2.67x107 2.76x107 3.22
SFe 1.83x107? 1.87x1072 2.19
»Na 1.08x107? 1.09x107 0.56
By -8.88x107° -8.91x107 0.39
) -422x107 -4.24x107 0.50
9y -2.74x107 -2.78x107 1.24
SFe -1.77x107 -1.77x107 -0.11
BNa -7.48x107 -7.62x107 1.91
By 8.70x107 8.83x107 1.48
By 7.82x107? 7.96x1072 1.76
9y 5.76x10™" 5.84x10"" 1.35
By (MCNP) -1.20x107 -1.21x107 0.83
B8y (MCNP) -2.45x107" -2.39x107"! -2.65
9y (MCNP) -6.91x107 -7.00x107 1.26
Fe -1.33%x107 -1.37x107 3.16
“Na (MCNP) -2.39x107 -2.43%107 1.80
By 127107 1.29x1072 1.02
By 1.28x10™ 1.27x10™ -0.24
B9py 8.08x10™" 8.17x10™" 1.09

2
Tab. 2 Calculation Results of £ Uncertainty with or without Perturbation Higher-Order Scattering Cross Section
u *Fe
2.24x107 7.00x10™*
SUR 9.81x10™ 1.09x107
ERANOS — 9.63x10™ 1.09x107
“—7 —ToULik I
= 4
3.5
2 2
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